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) and three Azotobacter strains (CBD-15, AS-4 and M-4) with two uninoculated controls one with full dose of N (100 kg ha -1 ) and the other without NPK. Application of 75 kg N ha -1 along with inoculation of CBD-15 was found to have significantly increased most of the growth and yield parameters, soil available nitrogen, and nitrogen content in the bulb followed by M-4 inoculation as compared to application of full dose of nitrogen without the inoculation. Days to bulb initiation were significantly reduced due to inoculation with CBD-15 or M-4 along with 50 kg N ha -1 whereas days to bulb maturity were significantly reduced due to inoculation with any of the strains along with the same N rate (50 kg ha ) in tri genotipe Azotobacter (CBD-15, AS-4 and M-4), z dvema neinokuliranima kontrolama, od tega eno z odmerkom N (100 kg ha -1 ) in drugo brez gnojenja z NPK. Aplikacija 75 kg N ha -1 je skupaj z inokulacijo CBD-15 dala pomembno povečanje večine parametrov rasti in pridelka, v tleh dostopnega dušika in vsebosti dušika v čebulah po inokulaciji z M-4 , v primerjavi z aplikacijo polnega odmerka dušika a brez inokulacije. Število dni do začetka tvorbe čebul je bilo značilno manjše pri inokulaciji z CBD-15 ali M-4 , skupaj z odmerkom 50 kg N ha Onion responds well to Azotobacterization and yield increase up to 20 per cent has been reported (Meshram and Shende, 1990) . However, there exists wide variation in nitrogen fixing capacity of various strains of Azotobacter (Vinay, 1998) and strain specificity to crop plants has also been reported (Rajakumar and Lakshman, 1990 ). The present study was, therefore, conducted with the view to identify efficient strain of Azotobacter and to select a suitable N level and Azotobacter strain combination(s) for better growth and yield of onion.
MATERIALS AND METHODS
A field experiment was conducted using onion cultivar ) and three Azotobacter strains (CBD-15, AS-4 and M-4) were combined factorially with two additional uninoculated controls one with full dose of N, 100 kg N ha -1 , (standard practice) and the other without NPK (absolute control). A total of 14 treatments including controls were laid out in Randomized Block Design (RBD) with three replications. A plot size of 4.68 m 2 and spacing of 10cm x 15cm were used. A carrier based (Charcoal: Soil, 3:1) inoculum of each of the Azotobacter strain @ 500 g ha -1 was suspended in water to prepare a slurry and seedlings were uprooted from the nursery beds and dipped in the respective Azotobacter strain slurry for transplanting in the main field. Only half dose of nitrogen as urea was applied at the time of transplanting and the rest half was applied in two equal splits at 30 and 50 days after transplanting. Full doses of phosphorus as single super phosphate and potassium as muriate of potash were applied to all the treatments at transplanting @ 50 kg P 2 O 5 and 75 kg K 2 O ha -1 , respectively. Data was recorded on growth parameters such as plant height, number of leaves per plant both at 45 and 90 days after planting. Observation was also made on days to bulb initiation, days to maturity, bulb weight, bulb diameter, total and marketable yields, bulb nitrogen content and soil available nitrogen.
RESULTS AND DISCUSSION

Plant height and number of leaves per plant
At 45 days after transplanting (DAT), only plant height was significantly influenced due to Azotobacter inoculation under all levels of nitrogen tested when compared to the control with 100 kg N ha -1 (Table 1) . However, at 90 DAT, both plant height and number of leaves per plant was significantly influenced due to nitrogen amendment with Azotobacter inoculation. Application of 75 kg N ha -1 in combination with CBD-15 or M-4 significantly improved all parameters over the control treatment with 100 kg N ha -1 . Such increase in plant height due to Azotobacter inoculation have also been reported by (Badaway and Amer, 1974; Martinez et al., 1994) in tomato and (Dibut et al., 1993; Rita, 1993 and Mandhare et al., 1998) in onion.
Days to bulb initiation and maturity
Days to bulb initiation and maturity showed variations both among the nitrogen levels and Azotobacter strains. In the absence of nitrogen, inoculation of Azotobacter did not significantly reduce the duration of bulb initiation and maturity. Similarly, inoculation of Azotobacter strain in the presence of 25 and 75 kg N ha -1 resulted in days to bulb initiation and maturity that was statistically at par with both uninoculated controls. However, application of 50 kg N ha -1 along with the inoculation of CBD-15 or M-4 resulted in 4 and 3.7 days earlier bulb initiation, respectively over the standard control. Likewise, application of the same N level (50kg N ha-1) along with the inoculation of any of the Azotobacter strains led to 1.7 to 2.7 days earlier bulb maturity as compared to the full dose of nitrogen (100 kg N ha-1) application without the inoculation. Similarly, early bulb initiation and maturity in onion was reported by Rita (1998) due to Azotobacter inoculation. The earliness in bulb initiation and maturity may be attributed to the ability of the bacterium to produce growth promoting substances which might have induced bulbing at earlier stage and there by enhanced chance of early crop maturity. Further more, inoculation along with high dose of nitrogen could not be as effective as inoculation along with moderate or lower doses in reducing days to maturity due to prolonged vegetative growth period in the former case.
Bulb diameter and 10 bulb weight
An overall increase of 11.2% and 8.5% higher horizontal and vertical bulb diameter, respectively over the control treatment with 100 kg N ha -1 were obtained due to inoculation of CBD-15 along with 75 kg N ha -1 and it was closely followed by the treatment with 75 kg N ha -1 + M-4 ( Table 1) . The values for both treatments were statistically significant when compared to the control treatment with 100 kg N ha -1 . Similar trend was observed for weight of 10 bulbs. Amendment of 75 kg N ha -1 through inoculation of either CBD-15 or M-4 resulted in 15 and 12.5 % increased weight of 10 bulbs, respectively over the control treatment with 100 kg N ha -1 (Table 1) .
Total and marketable yields
Supplementation of nitrogen fertilizer with Azotobacter inoculation markedly increased both total and marketable yields. Supplementing 75 kg N ha -1 through inoculation of either CBD-15 or M-4 gave an increase of 12.9 and 9.9% in total yield; and 15 and 11.9%, respectively in marketable yields over the uninoculated control with 100 kg N ha -1 . The result also clearly demonstrate that inoculation of CBD-15 or M-4 in the presence of 50 kg N ha -1 gave yield statistically at par with the uninoculated control having full dose of N (100 kg N ha -1 ) there by resulting in a net saving of 50 kg N ha -1 . Similarly, (Konde et al., 1978 and Rita, 1998) have also reported increased total yield in onion due to Azotobacter inoculation. Bhonde et al. (1997) reported the highest marketable yield (230.62 q ha -1 ) in onion due to combined application of Azotobacter and 50% recommended dose of nitrogenous fertilizer.
Soil available nitrogen and bulb nitrogen content
A remarkable increase in soil available nitrogen after crop harvest was observed due to supplementation of 75 kg N ha -1 with inoculation of CBD-15 over the control with full dose of nitrogen as well as over the absolute control by giving 23.6 kg ha -1 and 104.5 kg ha -1 higher soil available nitrogen over both the controls, respectively (Table 2) . Inoculation with all the strains except in the absence of applied nitrogen, have furnished the soil with additional quantity of available nitrogen compared to the amount that was present before the crop was planted (236.37 kg ha-1). Likewise these findings draw support from several other earlier reports. Ahmad (1998) reported the highest soil available nitrogen due to application of 145g N tree -1 + Azotobacter strain CBD-15 over 145g N tree -1 + Azotobacter strain M-4 and all other treatments which is in close conformity with the present finding.
Nitrogen content in bulbs was significantly increased due to supplementation of 75 kg N ha -1 with either CBD-15 or M-4 over the control with full dose of nitrogen (Table 2 ). These two treatments gave 0.24 and 0.16 per cent higher nitrogen in bulbs over the standard practice and 1.17 and 1.0 per cent higher nitrogen in bulbs over the absolute control, respectively. A significant increase in percent nitrogen in grain as well as stover of maize was also reported due to Azotobacter inoculation along with moderate amount of nitrogenous fertilizer by Meshram and Shende (1982) . The increase in nitrogen content in bulbs might be due to better root development that was achieved as a result of inoculation with efficient strains, which led to enhanced nutrient uptake.
CONCLUSION
Of the three strains of Azotobacter used, two strains (CBD-15 and M-4) in the presence of 75 kg N ha -1 were found to have significantly improved the growth and yield parameters, nitrogen content in the bulb and soil available nitrogen when compared to uninoculated control with 100 kg N ha -1 . An average increase of 13.5% in marketable yield was achieved due to effective Azotobacter strain inoculation in the presence of 75 kg N ha -1 over uninoculated control with 100 kg N ha -1 . Inoculation with the effective strains (CBD-15 and M4) also enabled a saving of 50 kg N ha -1 with out affecting total and marketable yields as compared to the uninoculated control treatment with 100 kg N ha -1 . The increase in growth and yield parameters in the inoculated treatments can be attributed to the multiple effects of Azotobacter such as their ability to fix atmospheric nitrogen (Pandey et al., 1989) suppression of pathogenic microorganisms (Lakshmi Kumari et al., 1972; Meshram and Jagar, 1983) , production of growth promoting substances (Brown, 1974 , Shende et al., 1975 . Moreover, its role in solublization of phosphate (Iswaran and Marwaha, 1981) and general improvement in nutrient uptake of the plant due to root proliferation might have also considerably contributed to enhanced growth and yields of the inoculated treatments in these findings. T1  T2  T3  T4  T5  T6  T7  T8  T9  T10  T11  T12  T13  T14 30 
